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157] ABSTRACT

A process is disclosed for separating components of an
azeotropic or azeotrope-like mixture containing only
organic compounds at least one of which compound 1s
a halocarbon comprising contacting said azeotropic or
azeotrope-like mixture with a semipermeable membrane
to form at least one exit stream having an increased
concentration of at least one component and at least one
other exit stream having an increased concentration of
at least one other component of the azeotropic or azeo-
trope-like mixture and, thereafter, recovering at least
one exit stream.

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

2 Claims, No Drawings
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PROCESS FOR SEPARATING AND RECOVERING
HALOCARBONS FROM MIXTURES THEREOF

BACKGROUND OF THE INVENTION

The present invention relates to an improved process
for separating the components of an azeotropic or azeo-
trope-like mixture containing only organic compounds
of which at least one compound is a halocarbon wherein
it is difficult and/or impractical to separate the azeo-
tropic or azeotrope-like mixture by conventional means.
More specifically, the present invention relates to sepa-
rating the components of such azeotropic or azeotrope-
like mixture by contacting the mixture with a semiper-
meable membrane to form at least one exit stream hav-
ing an increased concentration of at least one compo-
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nent and at least one other exit stream having an in-

creased concentration of at least one other component.
The exit streams from the contacting step may, thereaf-
ter, be recycled for contact with the semipermeable
membrane or further processed by conventional means
to achieve additional separation and/or recovery of a
desired component. |

Jt is well known that halocarbons of commercial
interest including chlorofluorocarbons (CFC'’s), hydro-
gen-containing chlorofluorocarbons (HCFC’s), hydro-
gen-containing fluorocarbons (HFC’s) and perfluoro-
carbons (FC’s) can be manufactured by processes in-
volving halogen exchange reactions wherein a halocar-
bon which contains a halogen substituent (most often a
chlorine substituent) other than or in addition to a fluo-
rine substituent is reacted with a fluorine-donor com-
pound. The fluorine-donor compound is capable of
donating a fluorine atom in halogen exchange reactions
such as a metal fluoride or hydrogen fluoride used in the
presence of various catalytic compounds. The destred
product is obtained together with by-products such as
under- or over-fluorinated products, decomposition
products, unreacted reactants and the like. The desired
product usually must then be separated from these by-
products and/or contaminants.

While most separations of this type are carried out
readily by well known processes such as distillation,
phase separation and the like, some separations present
problems which preclude using these processes espe-
ctally when halocarbons form azeotropic or azeotrope-
like compositions with other compounds.

One example of this problem is in the manufacture of

a fluoroolefin, tetrafluoroethylene (CF,==CFj,; TFE).

TFE is an important component in the manufacture of 50

TFE fluorocarbon resins. TFE is usually manufactured
by the pyrolysis reaction of monochlorodifluorometh-

ane (CHCIF,; HCFC-22), which reaction can be repre-
sented by the equation:

rolysis

2CHCIlF3 CF2=CF; + 2HCI

It is believed that in the above pyrolysis reaction, an
intermediate, difluorocarbene, is formed which then
dimerizes to form the desired TFE. However, difiuoro-
carbene can also undergo an insertion reaction with
TFE to form hexafluoropropylene (CF3—CF=—=CF))
and, thus, in this reaction, TFE is usually accompanied
by some hexafluoropropylene. Hexafluoropropylene 1s
a useful chemical and is important as a polymerizable
fluoromonomer, as an intermediate for the preparation
of fluorosurfactants and stable lubricants, and the like.
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The above pyrolysis reaction of HCFC-22 can also be

written as:

CHCIFy~——> .

(excess)

CFy=CF; + CF3=CF=CF; + HCl + CHCIF;

TFE and hydrogen chloride can be separated from
the reaction mixture by distillation but the separation of
hexafluoropropylene from HCFC-22 presents a prob-
lem since hexafluoropropylene and HCFC-22 form an
azeotropic mixture which contains about 15 mol per-
cent hexafluoropropylene and about 85 mol percent
HCFC-22. As is well known, the separation of the com-
ponents of an azeotropic or azeotrope-like mixture is
difficult and often requires the addition of extraneous
materials if a method such as extractive distiliation is
used. This usually creates additional problems of con-
tamination and/or waste disposal.

It is therefore an object of the present invention to
provide a process for the separation of the components
of azeotropic or azeotrope-like mixtures containing
only organic compounds at least one of which com-
pounds is a halocarbon. Another object 1s to provide an
economical and efficient process to accomplish the
above objective.

Important advantages of the instant invention 1s that
the separation is achieved without the addition of extra-
neous materials, without altering any of the components
of the mixture and without creating additional waste
disposal problems.

SUMMARY OF THE INVENTION

The present invention is a process for separating the
components of an azeotropic or azeotrope-like mixture
containing only organic compounds at least one of
which compounds is a halocarbon comprising contact-
ing such mixture with a semipermeable membrane to
form at least one exit stream having an increased con-
centration of at least one component of the azeotropic
or azeotrope-like mixture and at least one other exit
stream having an increased concentration of at least one
other component. Thereafter, the exit streams from the
contacting step may be recycled for contact with the
semipermeable membrane or further processed by con-
ventional means to achieve additional separation and/or
recovery of a desired component.

The invention is a process for separating and/or con-
centrating components of such azeotropic or azeotrope-
like mixtures comprising

providing a semipermeable membrane for separating
the components of an azeotropic or azeotrope-like mix-
ture containing only organic compounds of which at
least one compound is a halocarbon, satd semipermeable
membrane having a feed side and a permeate side and
having a selectivity for allowing the passage of at least
one component of the azeotropic or azeotrope-like mix-
ture relative to at least one other component of the
azeotropic or azeotrope-like mixture;

contacting said azeotropic or azeotrope-like mixture
with the feed side of the semipermeable membrane to
form at least one exit stream having an increased con-
centration of at least one component of the azeotropic
or azeotrope-like mixture and at least one other exit
stream having a decreased concentration of the same

component.
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DETAILED DESCRIPTION OF THE
INVENTION

In the context of the present invention, by halocarbon
is meant a C; to Cg halocarbon and includes chloro-
fluorocarbons, hydrogen-containing chlorofluorocar-
bons, perfluorocarbons,
nated hydrocarbons as well as fluorine-containing ole-
fins. | -

As is generally known, an azeotrope is a mixture of
two or more components wherein at constant pressure,
the liquid phase and the vapor phase above it will have
substantially identical compositions at the boiling point
of the mixture. Thus, an azeotropic composition cannot
normally be separated into its pure components by sim-
ple distillation. There are also mixtures which even
though are not true azeotropes behave as though they
were azeotropes, i.e., they distill with very little change
in composition due to the closeness of the boiling points
of the components in the mixture or due to some other
reasons. In the present context, such mixtures are identi-
fied as azeotrope-like mixtures.

Among compositions which are azeotropic or azeo-
trope-like mixtures are the above-discussed mixture of
hexafluoropropylene and monochlorodifluoromethane;
other mixtures include but are not limited to:
perfluoropropane (FC-218) and monochlorodifluoro-

methane (HCFC-22);

1,1-dichloro-2,2,3,3,3-pentafluoropropane (HCFC-
225ca) and 1,l-dichloro-1-fluoroethane (HCFC-
1411b); | |

1,1-dichloro-2,2,3,3,3-pentafluoropropane (HCFC-
225ca) and 1,1,2-trichloro-1,2,2-trifluoroethane
(CFC-113);

1,1-dichloro-2,2,3,3,3-pentafluoropropane (HCFC-
225¢a) and 1,1,2-trichloro-2,2-difluoroethane
(HCFC-122);

1,1-dichloro-2,2,3,3,3-pentafluoropropane (HCFC-
225¢ca) and 1,2-dichloro-1,1-difluoroethane (HCFC-
132b);

1,1-dichloro-2,2,3,3,3-pentafluoropropane (HCFC-
~ 225ca) and dichloromethane; |
1,2-dichloro-1,2,3,3,3-pentafluoropropane (HCFC-

225ba) and and trans-1,2, dichloroethylene;
perfluoro-1,2-dimethyl cyclic butane (FC-C-51-12) and
1,1-dichloro-1-fluoroethane (HCFC-141b);

1,3-dichloro-1,1,2,2,3-pentafluoropropane (HCFC-

225¢cb) and 1,1-dichloro-1-fluoroethane (HCFC-
141b);
1,3-dichloro-1,1,2,2,3-pentafluoropropane (HCFC-
225¢cb) and dichloromethane;
1,3-dichloro-1,1,2,2,3-pentafluoropropane (HCFC-

225¢hb) and
(HCFC-122);

1,3-dichloro-1,1,2,2,3-pentafluoropropane (HCFC-

1,1,2-trichloro-2,2-difluoroethane

hydrogen-containing fluori-
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225¢cb) and 1,2-dichloro-1, l-dlﬂuorocthane (HCFC-

132b);

1,3-dichloro-1,1,2,2,3-pentafluoropropane (HCFC-
225¢cb) and  1,1,2-trichloro-1,2,2-trifluoroethane
(CFC-113); |

1-chloro-2,2,3,3-tetrafluoropropane (HCFC-244ca) and
1,1-dichloro-1-fluoroethane (HCFC-141b);
1-chloro-2,2,3,3-tetrafluoropropane (HCFC-244ca) and
dichloromethane;
1-chloro-2,2,3,3-tetrafluoropropane (HCFC-244ca) and
1,2-dichloro-1,1-difluoroethane (HCFC-132b),
1-chloro-2,2,3,3-tetrafluoropropane (HCFC-244ca) and
1,1,2-trichloro-1,2,2-trifluoroethane (HCFC-113);
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dichlorodifluoromethane (CFC-12) and monochlorodi-
fluoromethane (HCFC-22);
dichlorodifluoromethane (CFC-12) and (HFC-134a).

As mentioned, separation of the components of an
azeotropic or azeotrope-like mixture is not only diffi-
cult, but also usually costly. In addition, separation of
the components in azeotropic or azeotrope-like mix-
tures when the desired component is present in very
small amounts is especially difficult and may be imprac-
tical using methods such as extraction. The undesired
component may be eliminated from the mixture by
destructive means such as oxidation or hydrolysis but
these methods are usually costly and contribute to the
need to dispose of halide wastes.

In the present process, typically the dlfﬁcult-to-sepa-
rate azeotropic or azeotrope-like mixture is contacted
with a selected senupermcablc membrane to form two
exit streams, each of which is enriched in at least one of

‘the components of the original azeotropic mixture. The

mixture which is contacted with the feed side of the
semipermeable membrane does not have to be at the
azeotropic or azeotrope-like concentration range, but
merely capable of forming azeotropic or azeotrope-like

mixtures. Subsequent treatment of the two exit streams

obtained from the contacting step can provide the com-

'poncnts of the original mixture in more purified forms.

This is accomplished by utilizing the fact that the com-
ponents form an azcotmplc mixture and the two com-
positions obtained in the exit streams from the perme-
ation separator can be distilled wherein the distillates
will be the azeotropic or azeotrope-like composition
which can be recycled to the inlet side of the perme-
ation separator and the distillate bottoms may be essen-
tially a purified component of the original azeotropic or
azeotrope-like composition, or vice-versa.

The semipermeable membrane useful in the present
invention can be any such device as is well known in the
art and may be in any shape which has a feed side and
a permeate side. Included in this description are semi-
permeable membranes which can be formed into films
(with or without support), tubular devices, spiral
wound devices, hollow fibers and the like. The ratio of
permeation rates of at least one component of the dif-
ficult-to-separate azeotropic or azeotrope-like mixture
(permeate) to that of at least one other component of
the mixture (nonpermeate) should be greater than 1.
Obviously, the higher the ratio, the more efficient will
be the separation process.

The semipermeable membrane uscful in the instant
invention may be made from any material capable of
preferentially passmg one component relative to an-
other component in a mixture which forms the azeo-
tropic or azeotrope-like compositions of the present
invention. Typically, the semipermeable membrane
material is an elastomeric polymer made from natural

rubbers, ceramics, polyisoprenes, polybutenes, polybu-

tadienes, polyimides, aromatic-aliphatic polyamides,
polyaramlds neoprenes, silicone elastomers and the like
as is generally known in the art. Preferred semiperme-
able polymer membranes may be made of dimethylsili-
cone elastomers, pOlyimidcs and polyaramids. As in any
permeation separation process, parameters which are
usually considered as variables to enhance the separa-
tion process are the temperature, the pressure differen-
tial between the feed side of the membrane and the
permeate side of the membrane, and the residence time
of the feed stream on the feed side of the membrane and
the residence time of the permeate on the permeate side
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of the membrane. In the instant invention, these parame-
ters are not critical so long as the membrane material is
not destructively affected and there is a difference in the
permeation rate of one component compared to that of
another component in the azeotropic or azeotrope-like
mixture. Temperature can be any convenient tempera-
ture, usually from about —50 to 150 degrees C., the
limitations being the temperatures wherein the mem-
brane is affected adversely. Conveniently, the tempera-
ture range will be from about 0 to about 75 degrees C.

‘The pressure differential between the feed side of the
membrane and the permeate side is preferably at least
about one-tenth (0.1) atmosphere. The process may be
operated at lesser pressure differential but the separa-
tion process will be slower. The pressure differential
can be the result of higher pressure on the feed side of
the semipermeable membrane or the result of reduced
pressure on the permeate side of the membrane or a
combination of both.

The process of the present invention may be illus-
trated by the separation of an azeotropic mixture of
hexafluoropropyiene (HFP) and monochlorodifluoro-
methane (HCFC-22). The azeotropic mixture of HFP
and HCFC-22 contains about 23 weight percent HFP
and about 77 weight percent HCFC-22. When this mix-
ture is contacted with a permeation separator with, for
example, dimethyl silicone elastomer as the semiperme-
able membrane, the permeate will be enriched in
HCFC-22 and the non-permeate will be enriched in
HFP. Ideally, the permeation separation will be com-
plete such that the permeate will be pure HCFC-22 and
the non-permeate will be pure HFP. Practically, how-
ever, the permeation separation and/or concentration
process 1s a differential process, particularly when deal-
ing with somewhat similar compositions as occur with
halocarbon mixtures. Thus, the permeation process of
the instant invention provides exit streams which are
enriched in one or another of the mixture components
but which are no longer at the concentration of the feed
mixture. )

In the present process, taking advantage of the partial
separation as provided by the permeation separator and
the fact that quantities of the azeotropic composition
may still be present, further separation to provide essen-
tially pure HFP and HCFC-22 is possible. Thus, the
permeate stream can be distilled to take off the
HFP/HCFC-22 azeotrope as the distillate, leaving be-
hind purified HCFC-22 as distillate bottom. The azeo-
tropic distillate can, thereafter, be recycled to the feed
side of the permeation separator.

In a similar way, the non-permeate or the reject
stream from the permeation separator can be distilled to
provide an azeotropic mixture of HFP/HCFC-22 as the
distillate which can be recycled to the inlet side of the
permeation separator and the HFP in the non-permeate
stream In excess of that amount required to form the
azeotrope can be recovered as distillate bottom in a
purity which may be sufficient for practical use.

The present process can be carried out as a batch
process or as a continuous process. As described above,
the present process is particularly amenable to opera-
tion as a continuous process, the azeotropic distillates
being continnously recycled to the inlet side of the
permeation separator and the purified HFP and HCFC-
22 being continuously removed as distillation bottoms.

The efficiency of the present process depends upon
the efficiency of the permeation separation portion of
the process. The greater the enrichment process in the
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permeation separation, the more efficient is the whole
separation process. Those skilled in the art can readily
enhance the permeation separation process by adjusting
temperature, pressure differentials, residence time and
the like.

Other compounds, either azeotropic, non-azeotropic,
organic or inorganic may be present during the contact-
ing step of the instant invention.

The following examples are presented for illustrative
purposes only and in no way are intented to limit the
present process.

EXAMPLE 1

- Permeation separation of hexafluoropropylene
(HFP) and monochlorodifluoromethane (HCFC-22)
was carried out using polycarbonate dimethylsilicone
polymer (General Electric) membrane. The membrane
was in the shape of a film and was supported in a circu-
lar device and claimped air-tight. The total surface of
the membrane exposed to the mixtures of HFP and
HCFC-22 was 0.104 sq. ft. (96.6 sq. cm.) and the clear-
ance above the surface of the membrane was approxi-
mately 0.7 cm. A mixture of 15 mol percent (23.4 wt.
percent) HFP and 85 mol percent (76.6 wt. percent)
HCFC-22 was prepared in a cylinder. Appropriate
valves were installed to control and monitor the flow of
gases out of the cylinder. The cylinder was connected
to the permeation device. The feed from the cylinder
entered the permeation device via a2 1/16” (0.16 cm.)
stainless steel tube wherein the outlet of the stainless
steel tube on the feed side of the permeation membrane
was located on the perimeter of the circular device and
a second simtlar 1/16" (0.16 cm.) stainless steel tube was
located directly opposite the feed side so that the
HFP/HCFC-22 mixture moved directly across the
membrane surface and then exited the device via the
second stainless steel tube.

The gas mixture exiting the permeation device was
collected in an evacuated stainless steel cylinder and its
composition determined by gas chromatography. Simi-
larly, the permeate stream which passed through the
membrane was collected 1n an evacuated stainiess steel
cylinder and its composition determined by gas chroma-
tography. |

The analyses of the streams are given in the following
table.

Separation of HFP/HCFC-22
Feed Composition:  23.4 wt. 9% HFP and 76.6 wt. % HCFC-22

" Temp: 20 degrees C.
Pressures:
Feed Side: atmospheric (760 mm Hg)

Permeate Side: 20" Hg Vac. (508 mm Hg vaccuum)

Permeate Non-Permeate (Reject)
Gas (Wt %) (Wt %)
Feed Rate* HFP - HCFC-22 HFP HCF(C-22
50 15.1 84.9 66.5 33.5
90 10.9 £G.1 44.6 55.4
200 7.9 92.1 30.2 69.8
280 6.6 934 27.6 72.4
667 6.1 93.9 25.1 74.9

*gm./sq. ft/hr. (gm./sq. cm./sec.)

The above results show that HCFC-22 permeated
considerably faster than HFP and that since both the
permeate and the non-permeate are no longer azeo-
tropic compositions of HFP and HCFC-22, purified
HFP and HCFC-22 can be obtained readily from non-
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permeate and permeate compositions respectively by
distillations.

EXAMPLE 2

Separation of an azeotropic mixture of HFP and 5
HCFC-22 which contains 23.4 wt. % of HFP and 76.6
wt. % HCFC-22 may be illustrated by this example.

Using a permeation membrane of polycarbonate
dimethylsilicone copolymer elastomeric membrane
(General Electric) having a surface area of approxi-
mately 2.24 sq. ft. (2081 sq. cm.), the above composition
can be passed over the permeation membrane at the rate
of about 203 gms./hr. at approximately 20 degrees C
and atmospheric feed side pressure and a permeate side
pressure of approximately 20" Hg vacuum (508 mm Hg
vacuum).

The permeate stream can be about 129 gms./hr. of
which about 115 gms./hr. (89 wt. %) is HCFC-22 and
14 gms./hr. (11 wt. %) is HFP. This permeate stream 20
upon distillation provides about 61 gms./hr. of distillate
and contains an azeotropic composition (76.6 wt. %
HCFC-22 and 23.4 wt. % HFP) leaving behind about
69 gms./hr. of essentially pure HCFC-22. | |

The non-permeate or the reject stream can be about 2
74 gms./hr. and contains the composition 45.3 wt. %
HFP and 54.7 wt. % HCFC-22. This non-permeate
stream upon distillation provides about 53 gms./hr. of
distillate which contains an azeotropic composition
(76.6 wt. % HCFC-22 and 23.4 wt. % HFP) leaving
behind about 21 gms./hr. of HFP in essentially purified
form as distillation bottom.

The distillates from both the permeate stream and the
non-permeate stream (total of about 113 gms./hr.) of 35
azeotropic composition can be recycled to the inlet side
of the permeation separator, which recycled materials
in addition to about 90 g/hr. of additional azeotropic
mixture constitutes 203 gms./hr. feed to the permeation
separator. o

This example illustrates that the present process can
be operated in a continuous manner to provide punfied
HFP and purified HCFC-22 from their azeotropic mix-
ture. The sizes of the permeation separator i.e. the sur-
face area of the membrane available for permeation, the
distillation columns and the attendant equipment ncccs—
sary can be determined by those skilled in the art.

It can also be seen that the present process can be
used advantageously with the process for manufactur- g
ing tetrafluoroethylene by the pyrolysis of HCFC-22
wherein the azeotropic mixture of HFP/HCFC-22 1s
produced and needs to be separated. Thus purified
HCFC-22 produced from the permeate stream can be
- recycled to the manufacturing process, continuously if 55
desired, and HFP recovered as valuable coproduct.

EXAMPLE 3

This example describes the use of a hollow-fiber per-
meator for the separation of hexafluoropropylene and 60
monochlorodifluoromethane. The hollow-fiber mem-
brane was made of a blend of polyimides and polyara-
mids, had a total surface area of 1.11 sq. ft. (1032 sq.
cm.) and was exposed to an azeotrope-like mixture of
HFP and HCFC-22. The results are shown in the fol-
lowing table:

10
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Separation of HFP/HCFC-22

Feed Composition:  22.2 wt. % HFP and 77.8 wt. % HCFC-22

Temp: 20 degrees C.

Pressures: |

Feed Side: 4.6 atmospheres (3,464 mm Hg)

Permeate Side: atmospheric pressure (760 mm Hg)

Permeate Non-Permeate (Reject)
Gas | (Wt %) | (Wt %)
Feed Rate® HFP HCFC-22 HFP  HCFC-22
217 (6.5 x 10=-5 I 99 99.8 0.2
393 (11.8 X 10-~5) 0.3 9.7 99.6 0.4
- 572(17.1 X 10-5) 0.3 99.7 0.5

99.5

*gm/sq. fi/hr. (gm./sq. cm./sec.)

The above results show that HCFC-22 permeated
consistently faster than HFP since both the permeate
and non-permeate are no longer azeotropic composi-
tions of HFP and HCFC-22; purified HFP and HCFC-
22 can be readily obtained from non-permeate and per-
meate compositions repectively by distillation. If the
compositions as shown above are pure enough for di-
rect use, then the additional dlstlllatlon step becomes
optional. |

I claim:

1. A process for separating componcnts of an azeo-
tropic or azeotrope-like mixture containing only or-
ganic compounds at least one of which compounds is a

~halocarbon comprising contacting said azeotropic or
‘azeotrope-like mixture with a semipermeable membrane

to form at least one exit stream having an increased
concentration of at least one component of the azeo-

- tropic or azeotrope-like mixture and at least one other

exit stream having an increased concentration of at least
one other component of the azcotmpic Or azeotrope-
like mixture and, thereafter, recovering at least one exit
stream and distilling the recovered exit stream to sepa-

" rate the component of the azeotropic or azeotrope-

like mixture which is present in either increased or
decreased concentration from any azeotropic Or azeo-
trope-like mixture present in the recovered exit stream
wherein concentration of at least one component of the
azeotropic or azeotrope-like mixture in the exit stream is
controlled by varying residence time of the azeotropic
or azeotrope-like mixture on the fccd side of the semi-
permeable membrane.

2. A process for separating components of an azeo-

tropic or azeotrope-like mixture containing only or-

ganic compounds at least one of which compounds is a
halocarbon comprising contacting said azeotropic or
azeotrope-like mixture with a semipermeable membrane
to form at least one exit stream having an increased
concentration of at least one component of the azeo-

tropic or azeotrope-like mixture and at least one other

exit stream having an increased concentration of at least
one other component of the azeotropic or azeotrope-
like mixture and, thereafter, recovering at least one exit
stream and distilling the recovered exit stream to sepa-
rate the component of the azeotropic or azeotrope-like
mixture which is present in either increased or de-
creased concentration from any azeotropic or azeo-

~ trope-like mixture present’in the recovered exit stream

wherein concentration of at least one component in the

~ exit stream is controlled by varying residence time of
65

the exit stream on the permeate side of the semiperme-

able membrane.
W % % ¥ *
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